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ABSTRACT
Diffracted images with inverted depth were first reported by the authors where a lens or slit intermediated the white-light
double diffraction process. The appearance of an image with orthoscopic relief was reported, generated with the same system
consisting of simple straight line diffraction gratings. We report now that the generalization of the symmetry properties to bi-
dimensionally defined diffracting elements eliminates the vertical astigmatism of the images.
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1. INTRODUCTION
In a previous paper we presented a double diffraction system intermediated by a slit to achieve images that were perfectly
symmetric and consequently depth inverted (pseudoscopics)"2'3'4. The pseudoscopic image performed with vertical
astigmatism due to the difference between the horizontal and vertical imaging processes. There is an interesting image,
which results in such a system if the observer looks at a symmetrical diffraction order of the second diffraction process. It
looks like a holographic virtual image, in normal depth and with continuous parallax5, like in previous imaging processes
described by Lunazzi6'7'8'9 employing diffraction encoding by gratings or holograms and diffraction screens. Employing two-
dimensionally defined diffracting elements gives the same imaging properties to the vertical direction. The image is now
focused in both directions at the same position, and we show below the situation for the orthoscopic case by means of
circular gratings. We extended our previous idea to a new system whose diffractive elements are bidimensional, analyzing it
with the same theoretical approach, which explains the image through main ray directions. The diffraction properties of
ordinary optical disks can be employed as preliminar elements for experiencing this kind of imaging.
2. METHODOLOGY
The system is very similar to the one we described for the inverted depth (or pseudoscopic) image, the diffracting gratings
being now circular, and the slit being replaced by a pinhole. The angle for observation also changes to observe the opposite
diffraction order (Fig. 1).
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Fig. 1. Ray-tracing for the image of a point white-light object.
The white object A being white-light illuminated is seen by the first of two circular diffraction gratings that are
symmetrically located in respect to a pinhole. DG1 and DG2 are identical circular diffraction gratings with an intermediate
pinhole P in between. They are halves from a complete circular grating vertically cutted and mounted, one half is left-right
reversed. We neglect diffraction effects at the pinhole. The observer looks to an image resulting from first and second
diffractions that happened to the same side to the non-diffracted beams, satisfying the grating equation:
(1)
oi represents the angle of incidence of light traveling from point A to the first grating, O represents the angle of diffraction
for light that travels from points on the grating to point P. ?uepresents the wavelength value corresponding to each ray and?
represents the inverse of the grating period. x1 and x2 are points at the first grating where the path for blue wavelength light
and, respectively, for red wavelength light are considered. We choose extreme wavelength values to represent the
phenomena, which happens with any light wavelength, because all other results are intermediary. If we consider the
horizontal plane the light path can be represented by the same set of equations that would be if the gratings were straight-line
gratings:
x—x1 _______ —It —x.2 _______ Itkxi+z x+z j(xx)2+z2F2÷2 (2)
corresponding to the first diffraction. Path calculations obtained after the second diffraction are on the equation set (3), from
which we obtain the position of an image point:
a
ZR ZR
1470     Proc. of SPIE Vol. 5622
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/11/2015 Terms of Use: http://spiedl.org/terms
— x x1 — x2 x2--- ÷ = ,tv + = 211v
\! x12+z22 J(xiI_x)2 +z fx'+z itxx +z (3)
We show in (Fig. 2) for two objects point A and B located at different depth positions, that the image has normal depth.
A B a
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Fig. 2. Ray-tracing scheme fort the normal depth image.
A shortening of the dimensions on the image happens. An inversion left-to-right is also a characteristic consequence of the
image performed. Calculations shows that the image can be viewed binocularly, resembling a holographic image because of
the wavelength changes which corresponds to displacements of the point of view. This characteristics already present in an
orthoscopic image made with ordinary straight-line gratings, can be extended two-dimensionally to our case of circular
gratings by analyzing through oblique planes. Let us give the name of "optical axis" to the line perpendicular to the gratings
passing through the pinhole. A general case of a plane containing it and oblique to the horizontal plane can be treated
similarly although the object rays are incident at an angle. The spreading of the diffracted beam that the circular grating
generates allows one ray to pass through the pinhole. When this ray reaches the second diffraction grating the diffracted
beam is directed out of the oblique plane and its virtual prolongation passes through the image point in synchronism with the
imaging process of the horizontal plane. That this is the case we show experimentally.
3. RESULTS
The system is composed of two identical diffractive elements symmetrically located to a pinhole. They are circular
transmission gratings obtained from a compact disc with constant spatial frequency of 65&!5 lines/mm and 10.5% diffraction
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efficiency. A piece of less than a half is being employed. The white-light object employed was a 20 W halogeneous lamp
with parabolic reflector in order to have a very bright object. Part of the light, which is diffracted by the first element, can be
seen to illuminate a region around the pinhole. A domestic video camera SONY Handycam was employed for registering the
image being captured on a Pentium I PC computer. Figure 3 shows the resulting image.
Fig. 3. Orthoscopic image of an halogeneous lamp with faceted reflector.
The horizontal enlargement is less than the vertical, and for some directionality of the object light, light from certain facets
of the mirror appeared less bright in the photograph, although visible to the observer. The aperture of the lens was reduced to
1 mm. We demonstrate that the vertical astigmatism was eliminated by using larger lens openings and comparing with the
image previously obtained in our system with plane, not circular, diffracting gratings.
Figure 4 shows two images of the same halogeneous lamp obtained with ordinary gratings and Figure 5 corresponds to the
case of circular gratings. The left-handside image was obtained in both cases by covering the 32 mm diameter lens with a
horizontal slit 1 mm thick. For the right-handside images the slit was located vertically.
Fig. 4. double-diffracted images for the
plane gratings case
Fig. 5. double-diffracted images for the circular
gratings case.
We can see that the strong vertical astigmatism that vertically blurred in Fig.4 is not present in (Fig. 5). Occasionally, some
horizontal astigmatism appeared which may be the case for further study of our present imaging system.
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4. CONCLUSIONS
We created a new way of obtaining an orthoscopic image by diffraction, similar to our previous one but more complete
because it makes the image to happen in the two lateral directions. This new imaging system increase the interest on the
study of imaging by diffraction made by means of white light.
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